Objective: The aim of this study was to examine the relationship between temperament and psychopathology in child offspring of parents with bipolar disorder. 
Introduction

B
IOPSYCHOSOCIAL FORMULATIONS OFTEN INCLUDE predisposing, precipitating, perpetuating, and protective factors for psychiatric disorders (Engel 1980) . Temperament encompasses all of these components, and so may be useful to identify the origins and etiologies of mood disorders. Specific temperament traits have been proposed to predict (Chang et al. 2003; Kochman et al. 2005) , predispose , perpetuate (Hirshfeld-Becker et al. 2007) , and protect (Evans et al. 2005 ) individuals from ensuing mood disorders. Although many studies have explored a theoretical basis for affective temperament in bipolar disorder and in those with a familial risk for developing bipolar disorder (Chiaroni et al. 2005) , few have studied the temperament of child offspring of adults with bipolar disorder (OBP). Examining temperament in offspring of parents with bipolar disorder may be essential to provide clinicians with features of temperament that may facilitate, interfere with, or be the target for psychosocial interventions that are being developed for youths with and at risk for developing bipolar disorder (Miklowitz 2006) . In addition to serving as a potential vulnerability indicator, the strong genetic component and stability of temperament over time may provide insights to the neurobiology of bipolar illness (Rothbart et al. 1994; McCrae et al. 2000) .
To our knowledge, there have been only two prior studies examining temperament in children who are offspring of adults with bipolar I or II disorder (Chang et al. 2003; Duffy et al. 2007 ). The first demonstrated that bipolar offspring with psychiatric disorders had decreased flexibility, decreased ability to demonstrate persistence on tasks with-out distraction, and negative moods as compared to bipolar offspring without psychopathology (Chang et al. 2003) . However, there was no comparison group of healthy offspring in that study. More recently, a study comparing offspring of parents with bipolar disorder to offspring of healthy parents confirmed a positive correlation between temperament and lifetime psychopathology (Duffy et al. 2007 ). Specifically, emotionality, or high emotions with an easy tendency to cry and react intensively when upset, as defined by the self-reported Emotionality, Activity, Sociability and Shyness Temperament Questionnaire, was positively associated with the risk of having a mood disorder (Duffy et al. 2007) .
With these considerations in mind, the primary aim of this study was to compare the temperaments of OBP and demographically similar and psychiatrically unaffected offspring of healthy parents (OHC). On the basis of prior investigations, we hypothesized that compared to OHC, OBP would have distinct temperament profiles, including decreased flexibility and task orientation, along with negative moods. As a secondary aim, we also explored associations between temperament and presence of psychopathology within the OBP group.
Methods
Subjects
Children (ages 8-18 years) of parents with bipolar I disorder (OBP, n ϭ 31) were recruited from the University of Cincinnati Stanley Foundation Naturalistic Follow-up Study of Bipolar Disorder, a National Institute of Mental Health (NIMH)-funded naturalistic outcome study of bipolar patients and from local bipolar support groups. Control children of parents without any Diagnostic and Statistical Manual of Mental Disorders, 4 th edition (DSM-IV) (American Psychiatric Association 1994) Axis I disorder comparable in age, sex, and ethnicity, were recruited for study participation from community advertisements and local schools (OHC, n ϭ 21). Children were excluded from the OHC group if they had any DSM-IV Axis I psychiatric disorder. After complete description of the study to the potential subjects and their parents, written informed consent was obtained from the parent and written assent was obtained from the child. This study was approved by the University of Cincinnati and the Children's Hospital Medical Center Institutional Review Boards.
Diagnostic assessments
Parental diagnoses were made using the Structured Clinical Interview for DSM-IV-Patient edition (SCID-P) (First et al. 1996) , performed by psychiatrists with established interrater diagnostic reliability ( Ͼ 0.90). The Washington University in St. Louis Kiddie Schedule for Affective Disorders and Schizophrenia (WASH U K-SADS) was administered to children (OBP) who had at least one parent with bipolar I disorder and children of healthy parents, by raters who were blind to diagnostic category (Singh et al. 2007 ). Symptom severity was assessed by the Young Mania Rating Scale (YMRS) (Young et al. 1978 ) (interrater intraclass correlation [ICC] Ͼ 0.90), and the self-reported Inventory of Depression Scale (IDS) (Rush et al. 1986 ).
Assessment of temperament
The self-report instrument Dimensions of Temperament-Revised (DOTS-R) (Windle and Lerner 1986 ) was used to assess temperament in OBP and OHC groups (overall ϭ 0.54-0.81 in elementary school children). One parent, selfidentified as the primary caregiver, in each family completed the DOTS-R for their offspring. In most (90%) of the OBP families, the parent with bipolar disorder responded to the questionnaire. However, they were euthymic (i.e., not experiencing a mood episode) at the time they completed the DOTS-R as established by the SCID-P. Parents answered 54 items that assessed the following nine temperament characteristics on a continuous scale: Activity Level-General (greater scores indicate higher levels of energy and motor activity), Activity Level-Sleep (greater scores indicate higher motor activity during sleep), Flexibility-Rigidity (greater scores indicate greater ability to adapt to new situations), Approach-Withdrawal (greater scores indicate a greater tendency to approach new situations, things, or people), Rhythmicity-Sleep (greater scores indicate greater ability follow the same daily sleeping patterns), Rhythmicity-Eating (greater scores indicate greater ability to follow the same daily eating patterns), Rhythmicity-Daily Habits (greater scores indicate greater regularity in daily timing of habits such as toileting, and consistent peaks and dips in energy levels), Task Orientation (greater scores indicate greater persistence on tasks without easy distraction), and Mood (greater scores indicate consistently greater good moods and affect).
Statistical analyses
All statistical analyses were performed using Statistical Analysis System software, version 9.1.3 (SAS Institute, Cary, N.C.). Wilcoxon rank sum and Fisher exact tests were used to compare demographic variables between groups. Two sample t-tests were used to compare mean DOTS-R, YMRS, and IDS scores among OBP and OHC subjects. An ␣-value of 0.006 (two-tailed) was chosen as the Bonferroni-corrected significance threshold to adjust for multiple comparisons in nine subscales. Effect size was calculated for comparisons of differences in mean scores in OBP versus OHC using the equation d ϭ M1 Ϫ M2/spooled where d ϭ effect size, M1 Ϫ M2 is the difference between the two groups' mean values, and spooled ϭ the pooled standard deviations (SD) of the two groups, and for two correlated means using the equa-
ෆ, where r ϭ correlation coefficient (Cohen 1977 ). An effect size of d Ͼ 0.5 is considered a medium effect. Equality of variance in DOTS-R subscale scores across groups was measured by Levene's test of homogeneity (Levene 1960) . t-Tests were also used to make within-group comparisons of DOTS-R scores based on the presence or absence of psychopathology as well as on the presence or absence of a mood disorder or attention-deficit/hyperactivity disorder (ADHD) in the OBP group. Pearson correlations were also used to explore the within-group relationships between temperament and manic and depressive symptom severity, as assessed by the DOTS-R subscale scores, the YMRS, and the IDS, respectively. Finally, single sample z-score test statistics were used to compare mean DOTS-R subscale scores of OBP and OHC with normative DOTS-R data.
Results
There were no statistically significant group differences between OBP (n ϭ 31) and OHC (n ϭ 21) participants in age (mean years ϭ 9.9 Ϯ 2.4 vs. 10.1 Ϯ 1.5, p ϭ0.50) or sex (female, 48% vs. 38%, Fisher's exact test, p ϭ 0.57). There were more White subjects in the OBP group than in the OHC group (94% vs. 71%, Fisher exact test, p ϭ 0.05), but our results were unchanged after analyses were adjusted for ethnicity (unadjusted results are reported). Twenty six (84%) of the OBP had at least one DSM-IV Axis I disorder; 19 (61%) OBP had at least one mood disorder, including dysthymia (n ϭ 5), major depressive disorder (n ϭ 4), bipolar I disorder (n ϭ 5), bipolar II disorder (n ϭ 4), cyclothymia (n ϭ 2), and bipolar disorder not otherwise specified (n ϭ 1); 12 (39%) OBP had a diagnosis of ADHD; and 7 (23%) OBP had co-occurring bipolar disorder and ADHD.
Compared with OHC, OBP had a significantly increased mean Activity Level-General score (t ϭ 2.97, df ϭ 50, p ϭ 0.005, d ϭ Ϫ0.78), and a trend for a decreased mean Task Orientation score (t ϭ Ϫ2.68, df ϭ 50, p ϭ 0.01, d ϭ Ϫ0.78) ( Table 1 ). There is significantly greater variability in the OBP group on the Activity-General (Levene test of homogeneity of variances, F(1,50) ϭ 7.97, p ϭ 0.0068) and Mood subscales (Levene test of homogeneity of variances, F(1,50) ϭ 8.05, p ϭ 0.0066) than the OHC group. In addition, OBP without a mood disorder showed trends for significantly higher sub- DOTS-R normative data (Windle 1992) are sampled from 972 families across the United States and did not exclude families by the presence of parental or child psychiatric illness. We compared these normative data with our OBP sample (Table 1) . Our OBP group reported lower Activity Level-General (Z ϭ Ϫ2.63, p ϭ 0.009) and RhythmicityDaily Habits (Z ϭ Ϫ5.61, p Ͻ 0.0001) scores, and higher Rhythmicity-Sleep (Z ϭ 3.85, p ϭ 0.0001) scores than the US normative control group. We also compared the DOTS-R normative data with our OHC group. Our sample of OHC reported lower Activity Level-General (Z ϭ Ϫ5.85, p Ͻ 0.0001) and Activity Level-Sleep (Z ϭ Ϫ3.64, p Ͻ 0.0003) scores, and higher Task Orientation (Z ϭ 2.93, p Ͻ 0.003), Rhythmicity-Sleep (Z ϭ 4.13, p Ͻ 0.0001), and Rhythmicity-Eating (Z ϭ 3.13, p Ͻ 0.002) subscale scores than the U.S. normative control group.
Discussion
Our findings suggest that offspring of parents with bipolar disorder exhibit distinct temperamental traits as compared to healthy offspring of psychiatrically well parents. Specifically, OBP exhibited increased energy and motor activity as compared to the OHC group and trends for de- creased persistence on tasks with easy distraction. Our preliminary findings also showed that OBP with a mood disorder had a decreased tendency to approach new situations, decreased flexibility, decreased ability to follow the same daily sleep patterns, and decreased persistence on tasks with easy distraction. OBP with ADHD displayed decreased persistence on tasks with easy distraction as compared to OBP without ADHD.
TEMPERAMENT IN BIPOLAR OFFSPRING 591
Greatest variability in scores was seen in the OBP group in Activity-General and Mood subscales, raising the possibility of state-dependent influences on temperament ratings. In addition, correlational analyses confirmed a relationship between temperament and symptoms of mania and depression within the OBP group, supporting data from prior studies that demonstrated a relationship between temperament and psychopathology (Chang et al. 2003; Duffy et al. 2007 ). Individual temperament traits could serve as potential targets for early identification and intervention of mood disorders in families with parents with bipolar disorder to delay or prevent the onset, severity, or progression of mood disorders in children with a positive family history of bipolar disorder. Moreover, certain characteristic temperaments might be related to parental expressivity (Valiente et al. 2006) and may be important to consider in certain preventative or family-focused interventions for bipolar families (Morris et al. 2007) . Further studies to assess the effectiveness of specific therapeutic interventions in the context of these temperament characteristics among offspring of bipolar families are necessary.
These results are only partially consistent with those of Chang and colleagues (Chang et al. 2003) , who found that relative to DOTS-R normative data, offspring of bipolar I and II parents had lower levels of energy and motor activity (Activity Level-General), and higher tendencies to approach new situations, things or people (Approach-Withdrawal), and higher predictability in daily sleeping patterns (Rhythmicity-Sleep). Offspring unaffected by a psychiatric diagnosis in Chang's study demonstrated these characteristics of temperament to an even greater degree as compared to affected individuals in the cohort, along with higher predictability in daily eating patterns (Rhythmicity-Eating). Routine surrounding sleeping and eating patterns in psychiatrically unaffected offspring in this study may represent an adaptation in families vulnerable to irregularities in sleeping and eating patterns due to psychopathology or due to lack of family cohesion (Romero et al. 2005) . These results may be divergent from our findings because they were compared to U.S. population means rather than a matched healthy comparison group, or because assessments of temperament were obtained from adolescents and parents rather than parents alone.
When we compared our sample of bipolar families with U.S. normative data, our results are consistent with Chang and colleagues. However, our OBP group had a lower mean Activity Level-Sleep score, and overall higher scores on Task Orientation, and the Rhythmicity-Sleep, Rhythmicity-Eating, and Rhythmicity-Daily Habits subscales compared with individuals in Chang's study. Scores varied across all four groups in most subscales, which demonstrate differences not only among OBP and U.S. normative data, but also between our healthy OHC group and U.S. normative data. The latter can be explained by the possibility that the U.S. normative data contained individuals and parents with psychopathology. By contrast, our OHC group was "supernormal" from the standpoint of having no psychiatric illness present. As such, the U.S. population means reported by Windle et al. may not represent normative ranges but rather means drawn from a large sample in the U.S., which may have internal but not external validity. In addition, this result also suggests that there may be effects of different lifestyles, cultural norms, or other environmental factors across different regions in the United States that may be contributing significantly to the DOTS-R subscale scores.
There are several limitations of our study that need to be considered when interpreting the results of this study. First, this cross-sectional study is limited by its small sample size and parental retrospective report of temperament rather than subject self report or clinical assessment. Second, most of the OBP (90%) temperament characterizations were completed by the affected bipolar parent. However, parent ratings were completed during euthymia, and prior study has shown agreement between independent parent ratings and adolescent self-perceptions of temperament on all nine subscales of the DOTS-R, even in parent/child dyads that are frequently characterized by significant conflict (Luby and Steiner 1993) . Third, only five OBP subjects did not have a DSM-IV Axis I psychiatric diagnosis at the time of assessment; many met criteria for more than one disorder, and certain subscales on the DOTS-R were correlated with each other, a diagnosis of a mood disorder, or ADHD. Consequently, it is difficult to discriminate if parents were validly using the DOTS-R to assess their child's temperament or their child's psychopathology.
To facilitate assessment of temperament over psychopathology, instructions given to parents completing the DOTS-R were framed with a general picture in mind and with a goal of assessing dimensions of behavior that are stable over time. Parents were encouraged to not spend too much time thinking over each question, to give the first natural answer that comes to mind, and not to report on just the latest disturbance in behavior or affect. Higher rates of psychopathology in the OBP than OHC might also reflect a referral bias, where parents with bipolar disorder may have been more likely to seek the study or agree to participate if their child was already manifesting problems. Conversely, lower rates of psychopathology in the OHC group might limit the generalizability of our results, but Activity-General and Activity-Sleep DOTS-R subscale scores below population means would refute the notion that OHC are "supernormal." Nevertheless, characterizing a child's temperament may provide trait-related or premorbid features of mood disorders that may independently impact the long-term prognosis and response to treatment for mood disorders in offspring of parents with bipolar disorder. Future longitudinal treatment studies monitoring these characteristics over time are warranted.
Conclusion
It is unknown whether offspring of parents with bipolar disorder have unique temperament profiles compared to offspring of nonpsychiatrically ill parents or the general population, or whether such a profile could be used to predict onset or progression of mania. To clarify these questions, we com-pared parent-reported temperaments between offspring of bipolar and healthy parents. Compared with healthy offspring, offspring of parents with bipolar disorder had increased Activity Level-General scores (effect size, d ϭ Ϫ0.78) and a trend for decreased Task Orientation (d ϭ Ϫ0.78), suggesting that these characteristics of temperament may warrant further investigation. Further longitudinal studies across the lifespan are necessary to verify parental ratings in this study and to determine if these temperament traits may inform psychotherapeutic interventions. Longitudinal studies will also aid in determining the valid application of the DOTS-R scale to assess temperament in children and adolescents who are at risk for or have already-developed psychopathology.
